DOCOMENT BESQME 



ED 127 182 



SE 021 219 



AUTHOE 

fNSTITUTION 

SPONS AGENCy 
PUB DATE 



AVAILABLE FROM 



3DRS PRICE 
DESCRIPTORS 



IDEtJTIFIEPS 



Blair, Kay W, ; Forseth, Sonia D* 

Exploring Symnetrical Patterns; HINKEM AST Coordin ated 

Mathematics - Science Series, Unit 14, 

Minnesota Univ., Minneapolis* Minnesota School 

Mathematics and Science Cjenter* 

National Science Foundation, Washington, C,C, 

71 

115p-; For related documents, see SE021201-234; 
Photographs may not reproduce well; c^olored 
transparencies removed from document due 'to pcor 
reproducibility 

MINHEMAST, Minneniath Center, 72C Washington Ave*, 
S*E,, Minneapolis, mN 55414 

MF^$0,83 HC-$6,01 Plus Postage, 

♦Curriculum Guides; Elementary Education ; *Elementary 
School Mathematics; *Elementary Schocl Science; 
Experimental Curriculum; *Inter disciplinary Approach; 
Learning Activities; Mathemat ics Education; Primary 
G rades; Process Education ; Science Education; 
♦Symmetry; Dnits^ cf Study (Subject Fields) 
♦MINNSHAST; ^Minnesota Mathematics and Science 
Teaching ^ Pro ject 



AEST5ACT 

This volume is the fourteenth in a series of 29 
coordinated MINNEMAST units in mathematics and science for 
kindergarten and the primary grades. Intended for use by first-grade 
teachers, this unit guide provides" a summary and overviei* of the 
unit, a list of materials needed, and descriptions of five groups of 
lessons and activities. The purposes and procedures for each activity 
are discussed* Examples of questions and discussion topics are given, 
and in several cases ditto masters, stories for reading aloud, and 
other instructional materials are included in the bock* This unit 
continues the study cf symmetry begun in Unit 7 of this series* The 
five sections are devoted to; (1) rotational symmetry, (2) repeating 
patterns and translational symmetry, (3) bilateral symmetry, (4) 
symmetry in sound and movement, and (5) other interesting patterns* 



* Documents acquired by EBIC include many informal unpublished * 

* materials not available from other soarces* .EBIC makes every effort ♦ 

* to obtain the best copy available* Nevertheless, items of marginal * 

* reproducibility are often encountered and this affects the quality * 

* of the microfiche and hardcop^y reproductions ERIC makes available * 

* via the ERIC Document Reproduction Service (EDBS) , EDRS is not * 

* responsible for the quality of the original document* Beproduct ions * 

* supplied by 2DBS are the best that can be made frcm the original, ♦ 





o: 

SYMMETRICA 




MINNEMAST 



COORDINATED MATHEMATICS-SClENCEvSERUS' 



I * WATCHING AND WONDERING 
CURVES AND SHAPES 

3. DESCRIBING AND CUSSIFYING 

4, UJING OUR SENSES 
INTRODUCING MEASUREMENT 

6* NUMERATION 
7* INTRODUCING SYMMETRY 
e. OBSERVING PROPERTIES 
9* NUMBERS AND COUNTING 
i 0 . DESCRIBING LOCATIONS 

« I* INTRODUCING ADDITION AND SUBTRACTION 
12* MEASUREMENT WiTK REFERENCE UNITS 
■ "3.^ INTERPRETATIONS OF ADDITION AND SUBTRACflON 
• 14. EXPLORING SYMMETRICAL PATTERNS 
^S* INVESTIGATING SYSTEMS 
"6. NUMBERS AND MEASURING 

17. INTRODUCING MULTIPLICATION AND DIVISION 
'9. SCALING AND REPRESENTATION 

19. COMPARING CHANGES 

20. USING URGER NUMBERS 
ANGLES AND SPACE 

22. PARTS AND PIECES 

23. CONDITIONS AFFECTING LIFE 

24. CHANGE AND CALCUUTIONS 
MULTIPLICATION AND MOTION 

26. WHAT ARE THINGS MADE OF? 

27. NUMBERS AND THEIR PROPERTIES 
MAPPING THE GLOBE 

29. NATURAL SYSTEMS 



OTHER MINNEMAST PUBIiCATjONS 



The 29 coordln^ited units iind several other pub I loot Ion.*; are av^illable from MINMEMAST on order. 
Other pubUcatlons Include: 

STUDENT MANUALS for Grados 1 , 2 and 3, .And 
printed TEACHINC AIDS for Kindert^drten and CrL^do I. 



UVING THINGS IN FIELD AND CLASSI^OOM 
(MINNEMAST Handbook for ,^U grades) 

AD^/ENTURES iN SCIENCE v\ND MATtf 
(Historical stories for teacher or student) 

OUCSTIONS AND ANS\ArERS ABOUT MINNEM.VST 
Sent free with price list on rcQuest 

OVERVIDV 

(DoscnPtion of cont^>nt of e.^ch publication} 



MINNEMAST RKCOMMLNDATIOm;^ FOP SCIENCE AND MATH IN THE INTEPMEDlATE f^RADES 
(jhug9ci?tlons for proqrams to .^ucce^^d the MIMIVEMAST CurdCulum In Grades 4, 5 and 6) 



3 




MINNESOTA MATHEMATICS AND SCIENCE TEACHING PROJECT 

4 



1^ 



The Minnesota MLitl^unuitic^^ jr^d Scauiico fouchlng Project 
dovolopoci these mutt^ridli; Luidor u'^graut from the 
Natignol ycioncc Foundation 



0 



Tifth Printing 
197 I 



Except for the rights to materials reserved by others, the publisher 
and copyright owner hereby grants permission to domestic persons of 
-the^sUnited States and Canada for use of this work without charge in 
English language publications in the United States and Canada after 
July i, 1973/ provided the publications Incorporating materials covered 
by these copyrights contain acknowledgement of them and a statement 
that the publication Is endorsed neither by the copyright owner nor the 
National Science Foundation, For conditions of jse and permission to 
use materials contained herein for foreign publications or publications 
in other than the English language, application must be made to: Office 
of ttje University Attorney, University of IvSinnesota , Minneapolis, 
Minnesota 55455 * , ' , 

(c) I9G7, University ot Minnesota, All rights reserved. 



MINNESOTA MATHEMATICS AND SCIENCE TEACHING PROJECT 



ctor 



DR* JAtylES H* WERNTZ, JR* 
Associate Professor of Physics 
University of Minnesota 



This unitr Cxplorincj Symn^etrical Patterns . ^was developed from previous 
units dnd revised in the light of the exper?J^nce of the many teachers who 
havG tried the activities in the classroom. This trial edition. Unit 14 of 
the MINNCMAST Coordinated Mathematics-Science Series, was produced 
under the It^adership of: 



KAYW. BLAIR SONIA D. FORSETH 

Mathematics Consultant Art Consultant 



ELAINE E. VOGT 
Editor ' 



MINNEMAST 
720 Washington Avenue S.E. 
Minneapolis, Minnesota 
55414 



o 




CONTHNTS 



M^uori^ils List , ' ^ vi 

}HblkH)}''i\)hy ' viii 

Introduction , I 

S^^ction K Koti'^Uon^il Symmetry 17 

[ossnn I Turning Blocks 18 

[ fjsson 2 Rotating TrnnsptVencies - . 20 

Blue Transpnroncy 2 I 

Yellow Tr<jnsparency 25 
Transpnrent Pnttern Sheet [ 29 

[/jrson 3 rinding Rototionally Syriimotric Objects 33 

1 osi^on 4 Keep the Symmetry^ . 35 

Art Activities for Section I 39 

^'jclion 2, l ope^jting Patterns t^nrl Trnnslationnl Symmetry 5 1 

[o^^f;nn 5 lYrinsp.irent Repenting Patterns 52 

[".^r-snn 6 I\Gpe<uing P-'ttern C^'imes 54 

l...^:^^or\ 7 ! epeating Patterns on Grids 57 

lossonS Trnnsl<ition 59 

(or:;on 0 Finding [^opG^lting PtUterns 62 
/at Activities for Section 2 . - . 63 

SocUon Bilateral Symmetry 70 

I.osson 10 Introducing Bilateral Symmetry .7 1 

r orison I ^ folding Patterns 74 

[.osson 12- \tirrorTest- ~ ~ 77 

l.o?;son n Keep the Symmetry 80 

lesson M Drawing Patterns,^ 83 

losson t5 What Kind of Symmetry? &4 
Art Activities for Section 3 ^ 85 

Section Symmetry in Sound ^md Movement - 98 

Section 5, Other Interesting Patterns 104 



\ 



' ^ ConipjetG List of ''Mtitcrials for this Unit 

(Numbers based qn class sizG of 30 J 
(Art materials wil] depond on your selection of Art Activities.) 



total number 
required to 
teach listed 
losson(s) 



item 



30 ** Student Manuals v/lth transparency 

5 sets' of property blocks 

I rol]. of masking tape 

I ' markor or tape 

' I overhead projector (optional) 

^>-^> rotationally symmetric objects , e.g. starfish, 
an S or H shape 

r>-(> objc^cts'whtch are not rotationally symmetric, 
e.fj, most leaves , an L or V shape 

I box of CO Eared chalk 

I *poqb6artl (optional) ^ 

;overal construction sets , e.g. Tinkertoys (optional) 

30 lioxe6 of crayons 



lessons in 
which item 

, is used 



t ,6 J3 
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2 

2,5 JO 
3 



4,7,13 
4,6,13 
4 

4,7,8,14 



30 
30 

N2 

I 20 

30^ 



sheets of typing paper 

sheets of black construction paper 

pieces of 6*' K IT' onionskin paper 

spools of thread 

paste or qluo 

sheets of colored construction paper 
scissors 



Art, Section I 
Art, Section I 
Art, Section I 
Art, Section I 
Art, Section I 
Art, Section I 
■Art , Section I 



I 

5-6 
5-6 



flannel board with, several sets of shapes 
(optional) 

objects exhibiting repeating patterns, e.g. a 
caterpillar, fence, or strip of lace 

objects with several parjs_that do not repeat 
exactly, e,g, row of unmatched books 



6 
9 



vi 
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sheets of 12" X 18" construction pnpcr 


Art, Segtion 2 


-170 


sheets of colored construction' pa^>er 


Art, Section 2 




tempera paint or printer's ink 


Art, Section 2 




. pieces of wood and roll of string 


Art, Section 2 


30 


pieces of sponge and/or s/oap erasers 


Art, Section 2 
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pieces of potato 


Art, Section 2 
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Art, Section 2 




paste or glue 


Art, Section 2 


30 


3" X 5" index cards 


Art, Section 2 


30 


i 

* small mirrors 


1 2,J 3 
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large mirror . ^ ^ 


1 2 


;0t on . 


carets, labeled 0-9 and labeled A-Z 


t 2 


30 -40 


assorted small solid objects 


12,13 




Mirror Uards ^opllonalJ 




30 






1 5-25 


j\ c crt r+o/"? rtblpnt*? fro hp fp Q fpH f rtr q vmtnplTi p q 


1 S 


330 . 


sheets of construction paper 


Art, Section 3 
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Art, Section 3 
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Art, Section 3 




paint or Ink 


Art, Section 3 




spools of thread 


Art, Section 3 


oU 


crayons or soft, compressed co3l 


/\rt, oeciion o 




objects with raised patterns, e.g. leaves 


Art, Section 3 


30 


sh'eetsnDf^new-&pr4ni . 


Art, Section 3 




yarn; yarn needles 


Art, Section 3 
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fri popiil^ir irstitu* the?' worcl( .symnio^ry often carries the tnipllca- 
tion-that a.thino Is plcasahtly^roportiioncd or wolNbalanced. 
To rruiny, syinnictry iriiplicsVi.^type of beauty and perfection, 
tn precise usage, a symmetric pattern is one which remains 
unchonrjcd under a certain rigid ^motion. Oncfcan intuitively 
netice symmetry in many tSiings stfch as; / 



butturflit^s 

loaves * , ' * 

tile floors-^ 

.stanzas of poetry / 
snpwflakes 

the arranqcni^rit of soods i^v'a sunflower 
^ mc^Iodies 

Tl^ythnis* ^ * ^ 

thowcciving in straw baskiits 
"slicc:s of citrusMruits r 
rnatiiomatical princtplos 



CcTt^iin typos of symmetry- c^p be given precis(V30ometric 
descriptions. Three of thc^c types aj^e emphasized in this 
unit; (1) rotational or turnincj , >(2) 'transLational and repeti- 
tive, (3) bilateral or symfiietria about a line. A detailed. dis- 
* cuss ion of them will conclGde.thi? commentary. It will be 
?ound that symmetric patterns are unchanged by certain 
mbtjon's . , * - * 

You, need not feci that a complete mastery of the introductory 
^aterral is nocctesary beforcyou start to teach the unit. Each 
^idea i-s^cmonstr^ted and developed, as the lessons progress, 
^ Thfs introduction should be regarded as a sQurce of information**" 
to'whtch to rofer for informatipn during the various studies, . 
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Why Ihirc Symmetry Unit?; in the Primary Grodcs ? , ' 

Roth the Intuitive Ideas of symmetry and the prt3cisely defined 
mnthematictii ideas of symmetry were considered in the follow-^ 
ing reasons for having smcill children 'study symmetry, 

I * The activities provide practice in ab3tractlno concepts, 
Qt^t s seeing that several cjlffercnt patterns have the same 
type of symmetry, ^ ^ , 

'* 

2* The conC'^pts discussed will be used in later topics such 
as geometry, measurement, wave motion, and classifica- 
tion of biological organisms* Symmetry is a tool in under- 
standing the Universe* 

3* The principles of symmetry are often applied in art, poetry, 
anci music* Awareness of these principles heightens appre- 
ciation of the arts* 
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The activities provide perceptual training for reading'readi- 
noss* For example, the tracing of patterns aids perception 
through muscular activities* Practice ia given in moving 
from left to right * 

The children enjoy the activities and the awareness of sym- 
metry that^tl^cy develop* Many natural. and man-made 
shapes *in the children's environment have some type of 
symmetry that they caVi recognize* 
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On completion of the unit the child should; 

f , Recognize symmetry in nature, music, poetiy, and art* 

2* Recognize turning symmetry {rotational symmetry), repeat- 
ing patterns /translational symmetry) and symmetry about a 
line (bilateral symmetry)* 

3 , Be able to make the nqfcessary tests and Comparisons for 
the three types of symmetry studied* 



Rotational Symmetry or Turnincj Symmotry 

Contlicicr tho lottor S. Think of It as a shape that can be 
moved and which leaves its imaqe behind* Can the S be 
moved in ^ definite way so th^t after It has been moved It will 
coincide with its original imaye? 

I * SimfHy picking the S-shape up and laying it back down is. 
one such operation* This is trivial because it can be done 
for any movable object* 

2* XurninO, the S-shape a fuH turn, i * c* , through 3 60^, is 
another move that will leave the shapo in coincidence 
with its original imatjc. This is also trivial because it 
can be done for any shape* 

3 . Turning the S-shape through one half oi a full turn,. i*e, , 
through 180*^, will also cause the S to coincide with its 
original shape. ^ ■■ - 




Figure I 

This third operation shows that the S-^.hape is symmetric with 
respect to rotation about an axis perpendicular to the shape 
at the center. The shape is said to have rotational symmetry 
or turning symmetry* Note that if the S is flipped over to the 
position 2 cannot bo put into C9incidcnce with its original 
shape. ' ^ . 





AnottHT r^vtirnplo oT j Mtuipr^ thnt po^sose^os rotationjil symmetry 
ih; a triarK]ular block with oquat sides, TJ^c block outlines in 
Fiqur^^ 2 niny help in vi£iuali?:ing the rotations that teave the 
blocl: in coincicicMicc wi'tli its original image* The rotations 
arc one- third of a full turn, two-thirds of a full turn, and the 

trivial onoij of no turn and of a full turn; rotations of 0^, 120^, 

o o 

2l(» and h\iv(,^ the pattern of the block unchanged. 



Note that in considering rotational symmetry of a pattern, only 
rotations about an axis through the center of the pattern aro^ 
conr>idercd. 



The pattern is not flipped or turned about an axis across the 
pattern* I . ' 




Figure 2 




Figure 3 




Figure 
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A rotation throiiali any amount IrMis tiian lull turn that yi<:lds 
coincidence witli the orUiiiuiI ^position is a tc^sL, for the prcii- 
encfj in n pattern oi rotational symmetry or turnincj symmotry, 
TurthcT examples; of simple patterns exhibiting rotational sym- 
nu^try are ^jtar:;, ^squares ^ ovals, and elrcle^i, 

A threo-di^iii^sional object can*t bo tested for rotational sym- 
metry e:-cact\y as done above, bceause a solid object won't co- 
incide with a surface pattern. However 3 variation of tlie test 
can easily'be made* The solid object can oe turned and com- 
pared to an exact copy of Itself. If, after the object has been 
turned on amount less than 360^, the object and its copy cannot 
* ^nbo dtstinc)uished , the object ha,s rotational symmetry. Figure 5 
s^hpws a pyramid and a pKite, 'each with exact rotational sym- 
mfjiryi and two starfish showing approximate rotational symmetry, 

A slightly different point of view is to consider a rotationally 
^symmetric pattern as one that can be generated byfj:'Otating an 

\ element of the pattern. For example,, the shape /^i:^ can be 
generated by rotating the shape Q into three positions. 

fepeatinq Patterns and Translational Symmetry 

Suppose a stencil is us^ to make the repeating pattern in the 
strip design shown in Figure 6* 



o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 


o/ 



Figure 6 . 

The dotted lines in the figure show the: the pattern could be 

continued indefinitely. If the pattern is imagined as being 

infinitely 16ng , it can be picked up, moved thi'ough a certain . 
distance^ and laid down again to cover the entire original pat- 
tern*^- The pattern would then look exactly as it did before it 
was moved* This is possible because an infinite pattern has 
no beginning and no end., but extends infinitely in either direc- 
tion. A mathematician might say that a translation carries the 
pattern into itself. Because of this, the P^^ittern is said to 
j^ossess translational sy t.;i::c^try . 
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Ropnatinci peiUnrns nro cosy to Unci* Tor oxamplc/ they aro 
t5ccn in WcUlpaper/ r)rick walls, and ^^trinqs of beads* These 
patterns repeat only a Ehnte number of times, but they may be 
thoiujht of as "potentially infinito, " Thit^ means that the pat- 
tern can be imaqinod to oxtond indefinitely in both directions* 
Thus tho term^ "translational syinrnotry" ts sometimes used in 
talking about repeating pattorns which are finite but can bn 
imagined to extend infinitely, 

A pattern is a repeating pattern it some part of the pattern 
(1) ean be moved a definite distance along a line to cover an 
identical part of the same pattern and (2) with a succession of 
sueh moves 'wilFcover the entiie pattern^' As in rotational sym- 
metry, comparisons are made after some part of the pattern is 
moved' This time a part of the pattern is \noved in equal-sized 
jumps and compared to other parts of the st\^me pattern to deter^ 
T^ine coincidence. The part of tho pattern that i^ repeated can ^ 
be callod a "block," a "cell/' or an "element," 

In testing the string of beads shown below for a repeating^ pat- 
tern , the i:»lock to be compared could be OCH^Q 

\ ■ " 

oonoonoonoonoonoon 

The block to be compared could also be chosen asOC>QOCl!)D. 
This would again co.vcr the pattern when repeatedly moved th 
steps along the string. If the beads are fqrmed into a circle* 
they will show a rotationally symmetric pattern. If actual 
beads were used, instead of a drawing of beads, the compari- 
son block of beads would of course 'not :be laid on top of anoth- - 
er block. It would, be placed beside a corresponding block for 
the'comparison. 

There are many- (imperfect) repeating patterns'* to be observed in 
nature* Two examples are bamboo stems and^caterpillars , 
Often only-a portlon-of the object shows the repeating pattern, 
as in the caterpillar where the middle segments are approxi- 
mately of equal size and shape but the two ends are^not, (See 
Figure 7,) . 

The activitles^ln.thi$ unit will extend the concept of repeating 
patterns to poetry and music. Repeating sound 'patterns are 
common in both poetry and music. 
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1UJ>3 torc ii Symme t ry or Sym tnotry ti l )Qu t g Lino o rjjl a no 

CoiKsidor the letter A in Pifiuro 8* Any lino drawn pcrpondicu 
!ar to the dotted tine In tho figure cuts tho pattern in pairs of 




Figure 8 



j>o[nts that are equidistant from the dotted line* For example^ 
thp points a anch'b in Figure 9 are at equal distances from 
tho dotted lino, | 




Thn lottoc A is sgIcI to exhibit symmetry about a line* or bilat 
oral symTTiotry, The dottt^d line is called the line of symmetry 
or tho axis of symmetry* 

Aw/ ijattnrn through which a line can be drawn £;uch that every 
Wac finrpondicular to this line cuts the pattern into pairs of 
points L^quidi^-^tant from the line is said to exhibit symmetry 
alou t .0 U nn or b ilateral s ym met ry. 




A simpler but loss exact statement of this idea is that for every 
point on one side- of tho line of symmetry there is a correspond- 
ing point on the, other side. The paired points must be at equal 
distances from the line of symmetry. Figure 10 shows some al- 
most exactly bilaterally symmetric patterns that occur in nature. 
There t^re tei5ts one can use to determine whether or not a pat- 
^tern possesses bilateral symmetry. Two of these tests are 
described below. 

If a mirror i*- placed in a vertical position along the dotted line 
in Figure 8, the pattern viewed (half of A and its ir.iano in the 
mirror) coincides precisely with the original letter A. Thr! mir - 
ror test consists of holding a mirror on the axis of symmetry to 
show that the pattern can be divided into two parts identical in 
size* one part being the mirror image of the other. In any bilat- 
erally symmetric pattern* one half of the pattern is the mirror 
image of the other half. This is the reason that bilateral sym- 
metry is also referred to as mirror symmetry. It is interesting 
to test some non-symmetric patterns with a mirror* 

Bilaterally symmetric patterns may also be folcied along the axis 
of symmetry to test for the coincidence of the two halves of the 
pattern. This gives another test/ the folding test , for bilateral 
symmetry. 

There are some differences in examining the. symmetry bf patterns 
on plane surfaces and of three-dimensional*objects . Corre- ■ 
sponding'to the line of symmetry of plane patterns* bilaterally 
symmetric three-dimensional objects have a plane of symmetry. 
Every line perpendiculafr^ci this plane cuts the fi^gure in pairs of 
corresponding points that are at equal distances'from the plane. 
Obviously, a solid object cannot be folded to test for bilateral 
symmetry. However, a mirror can be placed along-the plane of 
symmetry to show the existence of bilateral symmetry* The human 
face ts an interesting object that has approximate symmetry with 
respect to a plbne. Other objects that might be tested are a cone.* 
a beetle* and toy figures of people or animals . 

A picture of a three-dimensional object is', of course, a two-di- 
mensionafJ pattern* 'Thus the symmetry of a picture of a three- 
dimensional object may be tested by either the mirror or folding 
test._Gcncrally the kindergarten and first grade activities will 
involve only two-dimensional paUerns or'pictures 
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An object may display more than one of the symmetries that have 
been discussed. For example, a star such as the one in Figure I [ 

displays both rotational and bilateral 
symmetry. Notice that each of the five 
dotted lines is an axis of bilateral sym- 
metry. 

It is not necessary for a child to recog- 
nize more than one symmetry in an ob- 
ject, but it is important for you to be 
aware of the possibility of more than 
Fiaure 11 one, so that you may guide the chil- 

dren properly. 

There are other symmetries which may be precisely described 
mathemciticatly. You may be interested in noting these, but they 
will not be explicitly presented to the children. One such sym- 
metry is a translation plus dilation. It is illustrated in Figjure 12 
by the shells of the common wentletrap, an auger, and the giant 
conch. Another symmetry which is a rotation plus dilation is 
illustrated in Figure 13 by the shells of the chambered nautilus 
and the sunburst carrier, 

A.more complicated kind of symmetry rs found in certain two-di- 
mensional patterns, whlclv are called ornamental patterns, A 
common pattern of this kind is formed by fitting hexagons tog'eth- 
er as. in a honeycomb or in a tiled floor. Ornamental patterns- ^ 
are also often seen in brick walls, (See Figure 14,) There is a , 
precise mathematical theory underlyihg the ornamental pattern, 
but it is not necessary to understand this theory to appreciate or* 
create ornamental patterns. Extremely intricate and beautiful 
tiled patterns have been produced by artists who instinctively /. 
used the laws of symmetry. The thre^-dimensiqnal arrangements 
of atoms in a crystal are related to ornamental patf^erns* 

Th'ere are other patterns possessing symmetries not discussed 
here, ' It is hoped that the child will recognize some of them in 
his environment. The child should not be expected to describe 
precisely what .he sees , but simply to be aware of and einjqy the 
'symmetric patterns about him. 
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Common Wentletrop 



Auger 



Giant Conch (Cross section) 



TRANSLATION PLUS DILATION 
Figure 12 




Sur^bur st (farrier 




Chambered Nautilus iCross section) 



ROTATION PLUS DILATION 
Figure 13 
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In summary the test ?^ ^^or rotntiona), translational, o\d bilateral 
symmetry are given: 

1 , Rotational symmetry test: an object i^ rotated about an axis 
and compared with a copy of the original Object* ' . ^ 

2, Repeating pattern test: a portion of a pattern is duplicated, 
moved along the'pattern, and compared to parts of the pat- ^ 
tern at equally spaced locations to determine coincidence. 

3, Bilateral symmetry test:' 

3-D: an object i^ compared to the half-object, Kalf-image 
* ptUternT obtained by using a mirror and is judged for coinci- 
^ dence- 

2-D: either the above mirror test is used, or the object is 
folded to test for coincidence.of the two halves. 

The use of a copy or replica of the object, or part of the object, 
in the tests eliminates the need for the tester, to imagine the ob^ 
ject or part to be moved and compared* You will probably carry 
out the tests mentally, but five- or six-year-bid children may 
not be successful in^makin'g. surh Rh<^trarf rnmparisons. If 
some children begin to form conclusions quickly concerning the 
symmetry of a par^ticular object, this shoulojigt be discouraged. 
If they are correct, accept thom with joy. If they are incorrect, 
a direct test for symmetry should be aade, involving the con- 
crete operations and comparisons necessary* 



DIFrBRCNCES BCTWCEK' THE KINDERGARTEN AND FIRST-GRADE SYMMETf^Y UNITS 



If you look at copies of the kindergarten and first-grade symjrietry 
units you will notice that the first four sections of each ^consider> 
rotational symmetry, repeating patterns, bilateral symmetry, and 
symmetry in movement, poetry, and music. How then do they 
differ? Some of the ways are giVen in the following paragraphs. 

An obvious difference is-that the first-grade unit contains work- 
f;heets axid an additional section. On piany of the worksheets the 
children are asked to' do more precise and accurate work than that 
asked of kindergarteners. The additional-section for first grade^ ' 

.anVoi 



Considers crystals, r 



ornamental patterns. 
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'Chn firfjt-yr^dc unit cant;iciors the three basic synunotriGS in more 
depth. Mare complicated p^ittcrns are cpnsiderecl. At the end of 
Sr>ction 3 the first grader is oi^^ked to identify symmetries when 
oil ttii'ce types are pffjsent in the same object, 

AlthoLlcjh the ninjor omphasis is on obscp/otion and description 
in toth upits,'the first-grade^unit includes some work involving, 
nioasurs;.Mnent and ^jenar^iU^ation, The first-grade unitTis more 
OunntUative, The fl*^ri[ren are asked questions such as "How' 
:miny positions aifc^there where the pattern looks just the same? " 
, and ^'How'far is the star from the line of symmetfy? 

You will no'to that the introductory mat^^al in the two uaits 
is the st"tmcf, since both units cover the same subi,oct matter. ^ 

ooMMCM's ox* I'Ht: ['rACiitNG'or rnis uKrr 

The lesson^ in this unit are usually planned to take one class 
'pteriod, Th^ questions in capital letters that appear in some les- 
sons ara t6 be considered ^ guide to the type of au<?stions you 
will use* 'Feel free to modify themCand any other P^rt of the unit 
^ ^ to^suit the needs. your own class, 

'^he children should use and understand the concepts of the sym- 
metries considered, but they should not be expected to become 
proficient in verbalizing them. They will not always be precise 
in Jtheir work* ^ We hope that boih you and your class will relax 
1 and einjoy this unit, ^ 1 ^ 

Art Activities 

This unit contains many art activities that complement the more 
directed classrQom experiences. The child's creation of his 
' ^ own designs- reinforce his concepts ^of symmetry and also devel- 
op an appreciation^of symmetry, "^hese design activities are in 
contrast to the design activities on the worksheets, which usu- 
ally should be consMered experiences In translation of points 
on'ynds rather thi^¥l. creative art, - ' ' 




The choice and timing of the art is generally up to you any time 
after the appropriate. symmetry has been introduced* Provide 
only necessary directipn. .Considerate originality results 
when children are given latitude in the usfe of colors and mate- 
rials and free rein to use their own creative powers. 
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SECTION 



ROTATIONAI, SyM^5KT!^Y 



This section devoJops the corict^pt of rotational symmetry, 
The^l^ssons start with the nianipulation of physical objects 
(md the creation of rotatloncilly symmetric patterns. The chil 
clren discover po'tterns' that are 4eft unchanged by*the rigid 
motion of rotation. As they do the^ activities of this section^ 
they should gradually abstract the'concepts and the proper- 
ties of rotationally symmetric pa'tterns. 




Snowflake 
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Lesson 1: TURNING BLOCKS ^ 

The mtinipulatlon of blocks is used in this lesson to Introduce 
the concept of rottitionnl symmetry 'to those chilclron who hove 
not previously encountered it. For those children who hnve 
hcic\ the MINNBMAST kindergnrten program, the lesson will be 
partly review but will niso present the ccunting of positions 
of coincidence* 

MATCRIAX,S 

- I pair of triangular blocks for Ctich child 

- ! pair of sauarc blocks for each child (The blocks in each 
pair should be of the ^^aine size, but the different pair? may 

. ^ be of different sizes,) 

- masking tape 

- Oi^sorted blocks tor Activity C 
PROCEDURE 

Activity A ^ . . ^ * 

E<\ch child should have a ma'^tched pair of trlanguKir blocks and 
one of square blocks* _ One corner of one side of each block 
should be marked with' masking^tape* The tnpe helps to ket?? 
trnck of the position of the bldck anfl also designates one sur- 
face of the block c*s the frjont. This is important because, in 
testing a pattern for rotational symmetry, the peitterh must not 
be turRed over to bring the back side up. 

H£ive each chi4d place one of his triangular blocks on top of 
th^ other with 'the taped corners matching. 



TURN THE TOP BLOCK UNTIL IT FITS THE BOTTOM 
BLOCK AGAIiy. DO NOT TURN IT OVER* 



DID YOU TURN Tlin TOP BLOCK A WHOLE TURN? - 
(Nd, only paic of turn or N0| only one-third, 
of n turn. ) 

TURN THr/TOP BLOCK MORI^ UNTIL IT AGAIN FITS 
V\t BOTTOM BLOCK. 

IlAvn YOU TURNCD IT A WHOLE TURN NOW? (No, ' 
i^tiil only pnrt of turn*) 

AClAIN TURN THH TOP BLOCK UNTIL THE BLOCKS FIT, 
HAVn YOU TURNED IT A WHOLE TURN NOW? (Yes.) 

' HOW DO YOU KNOW? {The tnped corners' match once 

Explain thnt when we can turn n pottorn or an object part way 
^'iround nnd hcwo it look the same way it did before it was 
turned, the pattern or object has turning'symmetry or rotation- 
al i^ymmotry. 

Activity B 

Repeat Activity A with pairs of square blocks. 

Activity ^ 

The concept of rotational symmetry may be strengthened by 
consideration of some shapes that are not rotationally sym- 
m^etric, Paiirs of blocks of the following rotationally non- 
Fiymmetric shapes are often available, or you can prepare 
cardboard shapes. 



In each case .have a child see whether he can rotate the top 
block part of a full turn and have it^it the one that has not 
been rotated. Since in each case it is not possible to carry 
out the test successfully, the shapes do not possess rota- 
tional symmetry. {If you do not have pairs of these asymijjet- 
ric'blocks,, trace iiround the block being tested and rotate" the 
block against its outline. ) \ ^ 




I.osson 2: ROTATING TRANSPARCNCIES 



f-tere tmnspnrent patterns ere used to illustrate rotntional sym- 
metry further. The lesson '^Iso introduces the idea that one 
part of a rotationally symmetric pattern may be rotated to gen- 
erate the entire pattern, 

MATERIALS / ^ 

- I blue and I yellow star transparency 

- 1 blue star point transparency 

- mariner or tape 

- overhead projector (very desirable, but not necessary) 

- transparent Pattern A, for each child 

- Worksheet t, for each child 

PROCEDURE . ' ^ 

Activity A 

It is assumed that you will llsb an overhead projector. If you 
do not, you can hold the transparencies against a window to ^, 
be viewed* 

Project the blue and thdrV^Ho^ stars separately and then su- 
perimposed. Check to see that the children r-ealize that an 
ail-green star $hows the coincidence of the blue and the yel- 
low star. Rotate the upper star slowly over the lower star. 
As this is done some yellow, some blue, and some green will 
be seen. After one fifth of a complete turn, the stars will 
agaih coincide and an all-green star will be seen again. The 

1 children should Understand that this coincidence implies the 

: star possesses rotational symmetry. 

IN HOW MANY POSITIONS WILL THE STARS FIT TOGETHER? 
LET US COUNT THEM. T.O HELP US KEEP TRACK OF THE ' 
TURNS WE WILL MARK 'ONE CORNER OF EACH STAR, 

Mark the corners with a marker or tape. Rotate and count, the 
five positions where the star patterns fit together exactly. 

\ ■ ' ■ ■■ . 





PAGES 21-30 tiJERE REMOVED FROM 
H THIS DOCUflENT PRIOR TO ITS BEING SUBtllTTED TO 
THE ERIC DOCUriENT REPRODUCTION SERVICE 
DUE TO POOR REPRODUCIBILITY. 





Anothqr woy of viewing a rotcitionally symmetric pattern is to 
notice that the entire pattern can be generated by turning one 
part of the pattern irtto equally spaced successive positions. 
For exomple, the stor pnttern can be covered by one point of 
the star rotated into five successive positions. 

Don't expect the children to express this idea fluently, but 
demonstrate it by projecting the yellow star ond the blue star 
> point- ■ 

Activity B 

Have the children cut out their transparent copies of Pattern A, 
They need not cut exactly on the dotted circle* Ask them to 
put their patterns on their desks, look at them carefully, and 
then turn them one third of a whole turn. 

DOES YOUR PATTERN LOOK JUST AS IT DID BEFORE YOU 
TURNED IT? (Yes.) 

HOW CAN YOU TELL FOR SURE? (By makipg some kind 
of record of the way' it first looked J 

* 

Tell the class that this record has been printed for them on 
Worksheet Suggest that each child fit his transparent 

pattern over his printed pat- 
tern* He can then turn the 
transparent pattern to find the 
positions in which it looks 
just as it did before it was 
turned* 

HOW MANY POSITIONS ARE 
THERE IN WHICH THE PAT- 
TERN LOOKS JUST THE SAME? 
(Six* ) 




At^tivily C (Optioiiii!) 

Discuss tho fcict Lhat the whole pattern can bo generated (or 
made) by turning a part of the pattern into sIk different posi- 
tions. 

At tho conclusion of this lesson* you may Have the children 
use any of the art activities for this ejection (pages 39-50). 




f ^-rsrui I'lNDlNO KOTATION^ ^ ODjnCTS 

In- this lc^^^;on i\\o chiMron'r> coiiccptn of rotntiontil symniGtry 
will be apfillrjt! to ti wirlc variety of objects^ Sometimes they 
will tr:5U twn"clitnon?4oiuU Rhripos and sometimes three-cUmen- . 
si'irMl shiifXKS, Tlioy Will also test nntura] obtccts that have 
only Hipproxiniat*^ rcit^itioiidl ^^yinnictry, 

- \[\ Ar^^ovlmoni ot- rot<^tinnaUy symmetric objects. Some ex- 
■ Hitpics iirc certtiin flnwors (real or artificial), certain 
t'hpll?;, an ripplo or orango cut <^cross, star{ish> gears, 
wliools, dosicjnic niado from Tinkortoys. or other construc- 
tion and Cc^r:)boarr] shapes (S, It,^). 

- 'an ri?^f;ortniont objnct?^ that are not roteitionally symmet- 

ric, fiomc oxainplo^^ aio moKt lecives, corteiin flowers, cer" 
tain shells, coitain blocks, pencils, designs made from 
Tinkcrtoys or other construction sets, and cardboard shapes 
I.-/ V). ^ ^ 

Activity A 

Proparo.a shnpo tabJfi for the class. Place on'the table some 
obj'rictfi; thaij are rotationeilly symmetric and some that are not* 
Soma, but not all, of the objects should be in pairs. Other 
rntationalJy symmetric and non-symmetric objects should be 
placed about the room. Suggestions for the objects are given' 
in the materials list/ 

Have the children determine which objects on the shape table 
have rotational symmetry. Although many children will immed- 
iately recognize rotationally symmetric objects, they should 
be able to test tha'nst'jects if requested to do so. Discuss 
' with tht^m the fact/ that the t'=^st for rotational symmetry in a 
solid objGct is a little different than the test for a flat (plane)' 
pattern. Tor e-:amf)ic, note the pyramid-shaped blocK sketched 
oa the n^^y^t paqc.^. 
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It Ccinnot be fitted over tinothcr identical block; but it dan hoi^ 
placed next to it and compared. After being rotated one-fourth 
of ci full turn, it Wi!l look the same as before it was turned. 

When only one object is available, th^ test for rotational sym- 
metry is again slightly different. Either the original appear^ 
ance'of the pattern must be remembered or it can be recorded 
by a sketch* Perhaps you ot a child could trace around a star- 
fish (or other object) on the board, rotate the starfish, and 
compare the outlines* The children will notice that the rota- 
o tional symmetry of natural objects is usually not exact* 

After the objects on the shape table have been examined, have 
the children look.^about the room for other rotationally symmet- 
ric objects* They can also be asked to think of symmetric ob- 
' jectis they have seen in other places, 

0 " ■■- ■ ■ ■ 

Activity B {Optional) 

Some children mai} notice, that although ai certain object may 
look the same when rotated a certain amount, it will look dif- 
^ferent when flipped over* This may be shown with an S-shape* 
On the other hand^ an Reshape does look the same when 
flipped over* 



This activity should be used here simply to provide additional 
experience in observing patterns. In Section 3, the effects of 
turning a pattern over will be considered further. 





34 



35 



> * 



Losr:;on 4: Ki:CP TIFH SYMMETRY . - 

In this lesson the children cire asked to design, complete, or 
alter patterns as they wish, subject to the restriction that the 
rotational symmetry of the pattern be maintained. This pro* 
vides further practice ancj also gives you an indication of their 
concepts of this symmetry. Color is used in some of t^e pat- 
terns* , 

MATCRIALS 

- colored chalk 

peg board (optional) 

- construction sets such cis Tinkertoys (optional) 

- Worksheets 2 and 3 

PROCEDURE 
Activity A 

With white chalk draw a pattern on the bbard such as this: 



IS -THE PATTERN ROTATIONALLY SYMMETRIC? (No.) 

CAN SOMEONE MAKE IT ROTATIONALLY SYMMETRIC?. 
(Yes J 



Have a volunteer do sd\ 



CAN SOMEONE ADD SOME MORE raPTS TO THE PAT- 
TERN?" (Yes J 

Have the children do so. 
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Drow another incomploto patLorn with colored bhalk 
have volunteers coniplotG ancUelaborate the pattern, 
blUty would be: 

■ «^ f . 

' r = red ®\J® 



Again 
A possi- 




b = blue 



dp, 




HavG the children continue this activity a game. They can 
ploy in pairs or small groups, taking turns in adding elements 
to the designs. They mayplay on the chalkboard or on paper, 
using colors. The *'keGP the^symmetry" rule should be very ^ 
clear to the players. 

Sample paftorns with different degrees of complexity are 
shown below. 




^4 



The activity may go on as long as the children can find. .ele- 
ments they wish to ^dd, or you may set ^ time-limit on it- 



Activity D (Optionaiy ^ 

A pair of children may play a game very similar to that di<5- 
cu£:-;ed in Activity A by making patterns on a pegboard or with 
a construction set such as Tinkertoys* 



Aqtlvity C 



;-icly>C6£plor the patterns on Work- 
"keep tn?r symmetry" rule should 



The cltiss should now be re- 
sheets 2 nnd 3.'^ Agni[i the 
be explained, but do not insist on complete accuraj^jy. Most 
children 'should be able to color the patterns with frc\edom and 
imagination* *However, If a child seems unable to get started, 
you could suggest a simple alternation ol two Colors, 



Children enjoy seeing the^coLored^ rotationally-symmetric pat- 
terns formed in kaleidoscopes* * - ^ 



* - ^^■?*^'■1!T 
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ART ACTIVITIES FOR SECTION I: ROTATIONAL SYMMETRY 

A number of art activities are suggested here. Any selection 
of thorn may bq used to provide review and extension of ^thj? 
ideas of rotationaf symmetry* Thfese ^xt activities, as well 
as those in other sections ^ can usually be modified rattier 
cfasily and used again for other type's of symmetry. 

Two toys that mechanize the drawing of geometric patterns, 
most of which are rotationally symmetric; are listed below. 
' A largo variety of patterns may be produced fairly easily, A 
bail-point pen usually gives better results with these toys 
, othan does a penciK - 

Magic Designer 8245 (Lakeside Toys, Division of Lake- 
s^^de Industries 1 Minneapolis, Mign;, $4.95) 

Spirogr^^No/ 401 (Kenner Products Co-- , Cincinnati, 
Ohio, $37^8) 




Activity Ar Design Silhouette 



L- Fold o sheet of typing paper into aunrters* 



foid 



r 



2, Fold again along the diagonal. 




fold 



3. Cut as shown to form a souare, 




cut 



4, Cut out design from folded Fviper, ,(If you wish, you 
<^*^tiftay drtiw a design before cutting* ) 

cut 




■"'^ cut 

5, Unfold design and paste on. black ct^struction paper. 
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^Activity C: Poper riowcrs 

I, Fold colored construction p^^per In holf f<?ngthwise. 



2.^ CretTso paper about I from top. 



crease 



3. Mark off every ' " alonq the length af the fold, 



I--- 



■ ^ * * * ■ ■ ^ * * t t I J t J 1 I. 
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4. Cut at \ " niarl'.s as far as the crease. Do not cut to edge. 



^ 5, Overlnp uncut edg^^s and paste together. 



paste 



6. Loop around and past^ ends together. 




7, Attach a thread to top of design and hang from a string 
running from one end of the classroom to the other* 
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Atrtivity D: Stars 

Cut out scfuaroM on hoavy linos, 

,2. Told on tlottoci linos os ifidicatocl. Fold forward on 
a and foki l)ack on b , 

I\i.str corner flaps of 2 squares toqethor as shown 
in ill ustration . 

■\, (.".oniinuf^ pasting one square to the next; the last square 
is to he pasted to the first one. 
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Two pages of these patterns for Activity D are provided for each child in ^hfe! student manual. 
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\ . Paste 2 sheets oi onionskin together at the narrovv;^ end 
to make a strip dbout x 22. 




Pleat the strip of t5mon skin across the narrower 
dimension. AllowJ/2" to I" for each pleat. Roll 
pencil ok/er pleated popor to insure deeply creased 
pleats . 

c lv[vtMV1VIMv^ 



Unfold the pleated paper 
crease again. 




Id across the length and 



Jlllll; 

fold ^ 



5. 



Unfold creased paper. Bring the narrower ends together' 
and paste to form a tube. Onion skin pap^ holds the - 
crease so well that the edges will pleat together and 
the middle will bulge to make a lantern shape. 



paste 



Cut a strip of paper and attach to top of lantern for the 
haA^ie. ■ ■■ ' ' ' 




A 
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Activity F: Loop-de-doos 

i . Cut strips ot colored construction paper into !/2" , 
3/4" and 1"^ widths. 



2, Make loops of different sizes. 




Arrange loops in rotationally symmetric patterns on 
construction paper, using all-purpose glue. 





Activity C: Party Decorations 



1 , Cut out 0 four-sided pcaper design following the directions 
in Activity A, 

2 . Paste A to A , B to B . etc , This wi U bring the four 
co'^nor's into ^ cluster. 




3. Insert thread to suspend^ 
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Activity H: 4-'Pocket Baskets , * . 

I * Begin with a 9 x 9 " square sheet of construction paper. 

2. Fold the paper along the diagonals and then open Uat, - 

3, Then fold in half, both ways, and open flat. 



1 

\ I / 

/ 1 \ 



4, Fold corners to the center. 




5* Turn folded square over, Workirtg from the bock, fold 
new corners to the center again. 



6. This forms pockets into which fingers of left hand can be 
slipped. With right hand, push from behind to make a 
peak in the center. 



7. Paint a rotationally symmetric design on the flaps. 
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Activity I: Boskets 

I, Fold a sheet of con^struction paper in half. 



2. Fold the sheet in half again, thus making a crease* 



3. Open the second fold and^make a tab by cutting from the 
center fold to the^ crease as shown in the diagram. 



cut 



4. Cut from center fold into crease, making strips 1/2-3/4" 
wide. 




5. Paste the tab end to the other end, making a cylinder. 




50 



6, Bend the petals down and open them. 

1 * Glue ci colored cupcnkc paper to the inside of the 
basket. 

tK Postc a paper hnndle to the inside of the basket. 




The chilclrr^n ntdy wish to frinno the ends of the petals 



5i 
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SECTION 2 



REPEATING PATTCRNS AND mNSLATIONAL SYM M RTRY 



In this section the class studies repeating patterns^ If the 
repeating patterns are imagined as^infinitely long, they will 
be translatlonally symmetric^ The concept of translcitional 
symmetry, which Is discussed in the introductory part of 
the un:t, is treated in^Lesson 8. However, it is designated 
OS opUonal, for it may be too abstract for some first-grade 
children* 

The activities in the section provide for the creation of many 
repeating designs by the children* Whenever possible, ^he ^ 
lessons are based on real objects ^nd concrete operations. 
Both man-made exact repeating patterns and approximate re- 
peating patterns from nature are used as illustrations for les- 
son ideas* 




CuculUa verbasci Caterpillar 
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l.esiK ^nr^ TUANSPAKiINT UnPllATTNG PATTHRNS 

Thi.s lG*;*5an introduces the idofi thctt oVopoating pnttorn is a 
. pattern ^that can be gcnoratecl tjy-onG p^wt of the pattern being 
rot^GtltocI at otjuai dlstnncG.q along a qjtcoight lino, 

- one strip transparency of clogs (blue) 

- one do;0 transparency (yellow) 

- saflboat transparency (Pattern B) for each child 

- Worksheet A. for each child 

- overhead projector (desirnble, *but not renuireci) 
PROCCDURn. , ^ 

Activity A ' ' 

Again it is assuijjed that you will have an overhead projector 
available. Although it is more effective-to project the trans- 
parencies, they rriay be viewed against a window. 

Project the transparent yellow dog pattern anti the bli>a dog 
strip pattern separately* Next project the transparencies to^ 
gether with the single figure on top. Bring the single dog into 
coincidence with the first'dog in the strip. The first square 
will now.^Ppe^-tf green nnd the^dog figures will fit Exactly, ^ 
Continue moving the single figure until each fig^ur^an the 
strip has been exactly covered. This will demonstrate that 
the dog-figures in the strip are iiU identical,- 

.ALL THE PAPTS OF THIS DESIGN AHE EXACTLY THE SAME, 
ALL THE PARTS ARE EXACTLY THE SAME DISTANCE APART. . 
THE DESIGN IS A REPEATING PATTERN , 

Activity B ' . . 

WnvG the children examine the scTilbocit pattern on Worksheet 4 

ARE ML THE SAILBOATS EXACTLY ALIKE? (Yes.) 



HOW CAN YOU TELLTOR SURE? (By using u copy 
of one of the saiibonts for coTnparlson.) 




Whon.the.childion undorsUind the metining of the answer to thq 
Uisi t|Uostion ,.(fiithough thes.c exact words' certainly need not 
be used), tell the children that you have a copy df the sail- 
'boat p^vttern for them* . . - , 



Cach^child should hove a tr^nsparer>t copy of the sailboat 
(Pi^ttern B), Give them time to experiment with the transpar- 
ent pattern and Worksheet 4. Let them find that all the sail- 
boat designs are identical. ^ Tfien-^asl; Questions to lead to the 
idea that all the points on the first sailboat design are moved 
tho- same distance to'match the corresponding points on the 
second design, all the points on the secohd design are moved 
the same distance to match the corresponcfiing-polrits on the 
third design, etc. Some appropriate questions follow: 

V ■ ' j " 

HOW MANY SQUARES- IS IT -FROM ^ 

XHE TOP OF THE 'FIRST SAIL TO 

THE TOP OF THE SECOND SAIL? ' 

(Five squares.) 

"how many squares is -it from 

THE TOP OF THE SECOND SAIL 
'TO THE TOP OF THE THIRD SAIL? 
(Five square^. ) 

HOW MAn4 SQUARES IS IT FROM 
THE TOP OFTHE THIRD SAIL TO 
THE TOP OF XHE FOURTH SAIL? 
(Five squares.) , • . ' 

HOW Far IS IT FROM THE KRONT 
, OF THE FIRST BOAT TO THE FRONT. 
0"F THE S.ECOND BOAT? 
squares.) 




(Five 



After this lesson, any of, the art activities ^or this section 
may be used'. ' 

Note: ' Worksheet 4 will be used ^galn in Lesson 7* 
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Activity B: Rosettes 

1 , Cut a sheet of onionskin paper to measure 6" x M . 

2. Told pleats into the paper across the narrower dimension. 
The pleats should be about }, " to 1 " apart . Roll a pen- 
cil over the pleated paper to insure deeply creased pleats. 



Foid pleated paper in half to crease. 




'4, Bind at creased center with white thread, and knot. 




Fan ends out and paste edges together to make VfuU 
circle , 



Paste 




^ Paste 



Those rosettes make nice classroom decorations. 
Attach a thread to the top of each design and hang 
it from d string stretched across the classroom. 



Losson 6: REPEATING PATTCRN GaMICS 

In the games cmd activities siiggostod herci, the children cro- 
ato designs with various materials. Tho only restriction is 
that all the designs should shpw ci repeating pattern. Some 
designs will be altered according to rules that preserve the 
repeating ^'property of the design. This changing of one design 
to cinother in definite way is a forerunner of the mathemati- 
cal id'^ia of transformation. 

MATEIUALS \ 

Possible materials from which repeating patterns may be made 
are: 

coJored chalk 

- flannel board with several sets of shapes 

- property blocks 

- pegboards with pegs 

PROCEDURE 

Activity A . .. 

The rules for three games are outlir^^d'here. They may be var- 
ied in many ways. The designs may be drawn or assembled 
from objects similar to those in the materials list. The games 
may be played by the class as a whole, by teams, or by part- 
ners. The children may invent scoring rules. 

Go on with the Pattern : One player begins a pattern. Succes- 
sive players add to it, producing a repeated pattern. A rule . 
can limit the number of elements each player adds; e,g, , the 
starting player can use four elements in his part and each suc- 
cessive player can add one or two elements. An example of a 
sequence of play is: - 

.Av«A 

Av.Av.A 
Av •Av^Av* 



AHcl to the PnttGrn : One plnycr creates n repeating ptUtern* 
The next player <idds to the pnttern being sure to maintain the 
rnpoating property* An oxample of c\ seauence of play is: 



L^t ri.^yor^ 
2tu! Player 
3rcl Player 



□oDoDoDo 



o 



o 



o 



o 



o 



M ako It Repeat : One player (either the teacher or a skilled 
child) m^ikes a pattern that isn^t exactly repecitlng. Another 
player completes it so that each portion of the design is re- 
pented. An example of a seouence of play is; 



Activity B 

Here the children transform one repeating pattern ^into another 
! by a specific procedure. The activity provides background ■ 
for the mathematical concept of transformation or mapping, 
which will be de\/e!opod in later grades. 

S::ppose a yroup of children has made the following pattern 
trom property blocks • 



/ ® 



A® 



® 



© 

® 



\ 



1 ' 

A(Thd letters'oft the blocks indicate the color. Coloring the, 
'drawings may make the pattern clearer.) 



LET'S CHANGE THIS PATTERN BY FOLLOWING A RULE, 
THE RULE WILL BE TO CHANGE ALL THE BIG BLOCKS 
TO SMALL BLOCKS AND THE SMALL BLOCKS TO BiG 
BLOCKS. (Large > Sma'll.) 

5o 
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After the change, the pattern will look like this: 




IS THE NEW DESIGN A REPEATING PATTERN? (Yes J 

NOW YOU MAKE UP A RULE AND CHANGE THIS PATTERN. 

This activity may also be varied. It Is good to leave the ori- 
ginal design undisturbed and construct the transformed design 
below It, The rules used may be very simple (such as 
thick ^^—> thin) or quite complicated (Q ^~>\ red — ^ yel- 

low— blue green— red) . Although property blocks are 
especially suited for this work, other materials may be used 
for the designs. In all cases the transformed design will re- 
tain the repeating property. 
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Usson 7: KEPHATING PMTCRNS ON GRIDS 



The worksheets that constitute this lesson give the children . 
practice in drawing repeating patterns. These design activi- 
ties are considered less as creative art than as exercises in 
transiotion of sets of points on grids. 

MATn^ALS 

- Worksheets 4/5, and 6 

PROCEDUF<I> 

Ask the class to complete the pictures on Worksheet 5 so that 
the picture in the first cell is exactly repeated. Questions 
such as those below may help the children see that correspond- 
ing distances remain the same throughout an entire repeating 
pattern. . 

HOW MANY SQUARES HIGH IS THE HOUSE TO TflE TOP 
OF THE ROOF? (Six squares*) 

THE SECOND HOUSE? (Six squares.) 

THE THIRD HQUSE? (Six squares*) 

HOW FAR IS IT BETWEEN'THE DOORKNOB ON THE FIRST 
HOUSE AND THE DOORKNOB ON THE SECOND HOUSE? 
(Five squares *) i 

BET^^'EEN THE DOORKNOBS ON THE SECOND AND THIRD 
HOUSES? (Five squares*) 

Have the children draw their own designs on the blank strip on 
Worksheet 4, wliich was first used in Lesson 5* By watching 
them work you will see which children need help In^drawing 
and spacing* 

Ask the children to color the strip patterns on Worksheet 6 so 
that each strip has a repeating pattern* 



Ussori 8: TIIANSLATION 



The first activity of this lesson shows that a strip pattern can 
be generated by translating a part of the pattern in uniform 
steps along a straight line. In the optional second activity 
the concept of translatiotiai symmetry is introduced. 



MATERIALS 



" Worksheet 7 



1 






1 
■ 








> ^^^^ 


"1 



I 

L 



PROCEDURE ' ■ ^ 

Activity A " " . 

Worksheet 7 has three identical strip patterns, e^ch having an 
elemental design repeated six times* Ask the children to color 
lightly the first square in the first strip* 




Bring out the idea that the pattern of the whale strip can be 
made by repeating the design on the colored square six times, 
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Next hcivo the children color the first two squares in ths sec- 
ond strip. 




This time the/ should note that the pattern of the wbole strip 
con be made hy repeating the colored design three times* 

Fincill/ have the first three squares of the third strip colored. 



'^his should help show that the pattern of the whole strip can' 
be made b/ repeating the colored design two times. 

WE CAN CHOOSE DIFFERENT PARTS OF THE PATTERN TO 
' -REPEAT OVER AND OVER TO GET THE WHOLE PATTERN. 
BUT USUALLY WE CHOOSE THE SMALLEST POSSIBLE PART 
AND TALK ABOUT REPEATING IT. 

Activity B (Optional) 

If you feel your class is able to comprehend the following 
material, use it* It is the introduction to translatlonal sym- 
metry and its connection with repeating patterns. 




PUtco a simple repeating pcittern on the chalkboard. Ask for 
successive volunteers to extend the pattern across the entiie 
board. A possible'design-would be: 




IF THE CHALKBOARD WENT STRAIGHT ON AND ON, 
COULD WE MAKE THE PATTERN AS LONG AS WE 
WISHED? (Ye?.) , 



PRETEND THE PATTERN GOES ON FOREVER IN BOTH DIREC- 
TIONS. THEN WE WOULD SAY IT IS INFINITELY LONG. 
PRETEND YOU PICK UP THi: WHOLE PATTERN, MOVE IT 
ONE DESIGN OVER, AND PUT IT DOWN. WILL THE PAT- 
TERN NOW LOOK ANY DIFFERENT? (No'. ) * 

BEpAUSE THE PATTERN LOOKS THE SAME AFTER IT 
IS MOVED ALONG A LINE, IT HAS A- SPECIAL KIND 
OF SYMMETRY CALLED TRANSLATIONAL SYMMETRY . 
"TRAN'SLATE" IN THIS CASE SIMPLY MEANS TO MOVE , 
FROM ONE PLACE ON THE LINE TO ANOTHER. 

A discussion can bring out the idea that if a repeating pattern 
is imagined to be infinitely long, it can be thought of as hav- 
ing translational symmetry. 




Lesson 9: FINDING REPEATING PATTERNS 



Here the children look for repeating patterns in a specially pre- 
pared classroom. They have opportunities to discuss approxi- 
mate, finite, and infinite repeating patterns, 

MATERIALS 

- an assortment of objects , pictures, and designs exhibiting 
repeating patterns. Some examples are a caterpillar, a 
compound leaf, animal tracks, a fence, a chain (metal or ^ 
paper), a piano keyboard, a strip of lace, a dress border, 
a necklace of colored beads, a wallpaper border, and a 
set of books. 

- an assortmerrt.of objects, pictures, and designs that have 
several parts'that do not repeat exactly. Some examples 
are a paper chain with randomly colored links,-^a set of 
non-matching books, and a strip design you have made 
for this lesson. 

PROCEDURE ' ■ 

Place on the shape table, bulletin board, and around the room 
some objects, pictures, and designs that exhibit repeating pat- 
terns and some that do n'bt, as suggested in the materials list. 
Any completed art projects for this section can e*lso be dis- 
played. 

Ask the children to find examples of repeating patterns in the 
room. A child who finds one should see that one part of the 
pattern is repeated at eaual intervals along a straight line. 
You might help him express his ideas by asking questions sim- 
ilar to "Are all the flowers in this border alike?" and "How 
many beads are bet<7een each red bead and the next red bead?" 

In many natural objects only part of the pattern repeats. For 
example, the ends of a qaterpillar must be excluded if it is to 
"be cor^sidered to have a repeating pattern, The children may 
be interested in patterns that repeat only approximately. 

If you discussed infinite patterns and translational symmetry 
in Lesson 7, you may wish to consider the concepts again here 



ART ACTIVITIES FOR SECTION 2: HnPEATED PATTERNS 

The ideas of repeated pattern are used In the art activities 
described here. Any of the activities may be used any time 
lifter I,esson 5 has been presented. 
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Activity A: Place Mats 



!, Fold a sheet of 12*' x 18'' construction paper In half* Cut 
from folded edqo to I'' from outer edge. 




Unfold. You will have a sheet with parallel silts that do 
not touch the edge of the paper. 



3, Cut construction paper of another color Into I'' strips. 
Weave these through the slit sheet you have prepared. 





■ ■ ■ ■ 


■ ■ 


~ ■ ■ ■ ~ 

■ ■ 


■ ■ . 




V, V 

■ ■ 




■ 
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Activity B: Cut-Pcliper Designs 

! , Fold paper into 2*^ pleats. 



I 
I 




2. Cut notches of different shapes In the folded edges. 




I 

Unfold ar^d paste on colored construction paper. 

1 




Ac L i V j t y 'f t : rrint:-M<i kin<j, 

Anv of the ni<-thod.s chv;crjl)0(i l^<;l.ow itiay be used for 
printinq rcfK>ntccl ptitt^^rns, Tciiu?ora uuiy be Ijrushodon-. 
to tho printinq svirfaco, or vvator^ha.se printor*s ink nidy 
br rollt^cl on witji a l^r^iy^'r.^ [f you itso Ijraycr, squi^ozo 

inch riljlion of jjaint on pinc(^ of gloss and roll the 
lirayor h<iCK i^\K\ fortli ovt>r it-until it rounds s'tickyi. Vhon 
roll tiic broyor ovor the; printinq surface/ 



Newsprint or constnJrtin,n paper ciro l)e3t for printincj, since 
the/ ore inor^^ ^jb^'.^iij^onriliniv other papeii^ ^ 



Strin g Pnnt:^ 



Wind n strinq orountlvj [)ioco of wood/ Ink one side. Press 
ink.od string on newsprint to nkike q refjc^tt^d patt'ern. 




\ 



Sponge Prints 



' [nl: 1 piece of sponrje. Prcs^^.thc sponq*:? on^ev^sprint ^ ^ 
rof^entedly. * " ^ i . . 



i 



/ 



' S oap- 1^1 ar-: LM Pf n Us_ 



Gut a dcM^i()n into on(^ surfaco of a sotip-crascr/ ink it, 
and print, . 




Ink- kitclim qcidcjots sucL as a ^tato masher, fork, "bottle 
cap, to mako prints. 



if© 



e 



l.^otato Prints 



Cut a potato in hnlf. Have the childron scratch a dosign 
on the cut ourface with pmAtcd pencil or an orangewood 
stick; Water coior or tompora should bo appliod to the 
potato surfricc with a brush rather lightly because the 
potato pr^vicirs a nood deal of moisture for the, prir^fflng . 
I'ross the potato firmly on tlio paper. 
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Activity D; LoQr)-cio-floos 

Mnko ioop-clo-doas of various :\i7.cs (see p.lu) <incl glue 
thoin on construction papnr in h ropo<iting p.ittern. 




Activity Ct'^ Seed Designs 

Use <^ white all-purpose adhesive such ns Clmer' s glue to 
paste popcorn kernels^ pumpkin or sunflower seeds, or split 
peas on tagboard to mtike repeating patterns. These may be 
strip pcitterns or, for the more ambitious child/ mtiy cover the 
whole piece of togbotird, ^ 
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^ctiL\\.y V: Pniturns Using Stencils 



I, Cut out fici^ign from tho ccntor of i\ 3" x 5*' white index 
c^irci. This clej^ign should not be symmetric. An^ unusual 
holo or oclcl shiipe will do* (if ii child cuts thro^iigh jthe 

\ lx>undtirios of the card, plnce piece of ttipe over cut.) 



/ 




^pKice card on construction paper* Use it as a stencil, 
rubbing crayon over design to produce image. 




3. Show the chilcjren how to flip the stencil and repeat the 
rubbing. The^can make a repeated pattern by flippirig 
the pattern over and over in a straight line* 




The lessons in this section of Unit 1^ develop the concept that 
blKiteraiiy symmetric piitterns are those that are unchanged by 
reflection about an asis or line of symmetry* It Is shown that 
a bilaterally symmetric pattern Is made of pairs of correspond- 
ing points which are equidistant from the line of symmetry* 
Bilateral symmetry is sometimes called folding or mirror sym- 
metry because two tests for it use folding and mirror images. 

As in all parts of the unit, the children's understanding of the 
concepts will come in large p-irt from observation and manipu- 
lation of objects and from art activities. There will be some 
^patterns and objects in this section that possess both bilat- 
eral and rotational symmetry. You may or may not choose to 
discuss this with your class. Always be clear about the type 
of symmetry Vou are considering at the time. 
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[.esson 10: rNTKODUCINC BIIJVTnKAL SYMMETRY 



'this first lesson of Section 3 introduces the concept of bilat- 
ontl symmetry* It also demonstrates the fact that half of a 
bilatomlly symmetric pattern may be reflected to generate the 
entire pattern* 

MATHRIALS 

— transparent yellow butterfly 

— transparent blue half-butterfly | 

— overhead projector (desirable, but not required) 

— transparent Pattern C for each child 

PROCEDURC 
Activity A 

As in earlier lessons where transparent figures are used, it is 
possible to view the transparencies against a window if an 
overhead projector is not available. 

Project the yellow butterfly* 

DO THE TWO SIDES OF^THE BUTTERFLY LOOK ALIKE 
IN SOME WAYS? (Yes.) 

Any reasonable response is acceptable, e*g*, the two wings 
are the same size. 

ARE THE TWO SIDES OF THE BUTTERFLY EXACTLY ALIKE? 

There may be either yes or no answers from the children. Havf» 
them wait until after the next part of the demonstration to decide 
which answer is correct* 

Project the blue half-butterfly beside the whole butterfly. Sug- 
gest that it can b^ used to compare the two halves of the yellow 
butterfly* Move the blue figur^e until it coincides with one side 
of the whole butterfly. That side will now look green* 
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IS THE BLUE HALF- BUTTERFLY AN tlXACT COPY OF 
ONE-HALF OF THE YELLOW BUTTERFLY? (Yog.) 



HOW CAN YOU TELL? (The edges and spots rriGtch, 
half of the butterfly is green now, or similar obser- 
vations.) 

Slide the blue half-figure to the other side of the whole figure. 

DOES THE BLUE HALF- BUTTERFLY EXACTLY FIT ON THIS 
HALF OF THE YELLOW BUTTERFLY? (No.) 

HOW CAN I MAKE IT FIT? (Turn it over.) 

Turn the half-figure over, making the motion clear to the 



DOES THE BLUE HALF-BUTTERFLY EXACTLY FIT OVER 
THIS HALF OF THE YELLOW BUTTERFLY NOW? (Yes.) 

Explain that this demonstration shows that the two halves of 
the yellow butterfly would fit exactly if one of them were 
folded over the other. 



Have each child place his hands on his desk with the palms 
down and the thumbs just touching. 



class. 



Activity B 




ARE YOUR HANDS EXACTLY ALIKE? (No/ the fingers 
are in a different order on the two hands.) 



1 O 



A>;l: roch t:hil(l Lo fold lus p:Umi:> tOfjf-thc-T, 




DO YOUR HANDS FIT TOGETHER EXACTLY? (Yes.) 

Expiaia.that the way the fingers match .when the hands are put 
together shows that the parts of the hands are alike but are 
arranged in opposite order* Tell the class that both the butter^ 
fly and their hands have a special kind of symmetry called 
bilateral symmetry . 



Activity C 




Have ea'ctTchild cut his Pattern C along the center line. 
He can then experiment with the two parts as he wishes. 



Lesson II: FOLDING PATTERNS 



This lesson continues the development of the folding tost for 
bilateral symmetry* The investigations of the properties of bl^ 
laterally symmetric patterns are continued* 

MATERIALS 

- Worksheets 8,9, 10 and I I 

-PROCEDURE 

Activity A 

Have each child fold his copy of Worksheet 8 along the dotted 
line* Because this fold must be made rather accurately, you 
may need to help some children* After the class has had time 
to see the way the two sides of the leaf pattern fit exactly 
when folded, you may tell them that this is true of all bilater- 
ally symmetric patterns* Thus a folding test can show whether 
or not a pattern has bilateral symmetry* 

Activity B 



Suggest that each child fold 
Worksheet 8 (which is printed 
on tracing paper) along the 
line of symmetry of the bug, . 
trace the half bug, and open 
the paper* ■ 

WHAT DO YOU SEE? (A 
whole bug*) 

IS IT BILATERALLY SYM- 
METRIC? (Yes*) 

HOW DO YOU /now? 
(By the folding test. ) " 



Note: Worksheets is tracing 
paper without a printed pattern. 




Discuss with tho class the following ideas: The dotted line is 
tho line of symmetry of these patterns* For every point on one 
side of tho lino of symmetry there is a matching point on the 
other side* There is a kind of balance. of the parts on each 
side- Eacli child may make any bilaterally symmetric design 
ho wishes on Worksheet 9 using the fold-and-trace technique. 
If some child does not spontaneously mention that the patterns 
look the same from either side of the paper, suggest that they 
look from both sides and describe what they see. 



Activity C 



Worksheets 10 and I I should now be completed* The work- 
sheets are designed to reinforce the concept that all points of 
the pattern occur in pairs of points that are equidistant from 
ttie line of symmetry- Again, the children should not be ex- 
pncted to verbalize this concept but simply to use it* 



Vor)(ah««t 11 
nnit 14 




.units troi> the lin« of nvncnatry. 



Tn« ri(Sht ir IS units from th^llns of sT«i>*trv* 

TTiA riffht 



_anlt9 fron th* lin* of syirwtry, 
_unlto Trm ch* lirw of svTne^rv, 



-unica tf<m th* Un^ of sinristrf* 
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FIGURE A 
f * 



In Ihis losson two-ciiriif '[rjion-^I pnttcrns and throo-dimenslonol 
objrc:t:i ^no. it^^noct tor hilntnral syEnninLry with mirrors* Tho 
IcKSJion probably witl Iwn claims pcjrinds. 

- VVorksluM'tri ant! 13 

- small nnrror for f^ach chile) . * 

lar^nr mirror (if nocussaryr this may Bo made from two^ 
small niirror:-!) ^ 

- caMs printocl with numerals 0 through 9 and tho capital 
lottors {optional} 

- Gssortoci small sohcl objf?cts to be testod with mirrors 

- Mirror Cards r Hlomenfary Science Study, 108 Water Streeet 
Watcrtown , Massachusetts 02 172 (optional) 

t 

PROCEDURE 
Activity A 

Place FLtjuro A so that the class can see it. Have a child 
hold fhc larcjer mirror on tho lino of symmetry of the figure 
and tell what he sees as he looks into the mirror* Either he 
or a succeeding volunteer should realise that he sees the 
same pattern with or without the mirror. This is another test 
to show that a pattern has bilateral ^mmetry , This demon- 
stration is intended onl^' to shGw'the general procedure. The 
children will learn much' more as they use their own mirrors. 

Activity B 

Give each child a small mirror and Worksheets 1 2 and 13. You 
may also wish to provide other patterns such as sets of numer- 
al and letter cards. It is important that each child be allowed 
to make his own unhurried investigations of the patterns. How- 
ever, a brief reminder of the mirror test is in order* If there 
oxists a position for the mirror that will give a view of the pat- 
tern jur>t as iiWf\s without the mirror, the pattern is bilaterally 
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symmetric* The_line along which the mirror is placed in a suc- 
. cessful test is a line oi symmetry of the pattern. Some chil- 
dren will find design^s that are symmetric with respect to more 
than one line* 

Many children are fascinated by the Mirror Cards prepared by 
the Elementary Science Study. The cards maKe a good addition 
to this lesson* 

Activity C 

Show thq class a two-dimensional symmetric pattern or picture. 
(Figure -A on page 76 can be used.) 

HOW CAN WE TEST THIS PATTERN TO SEE IF IT HAS BI- 
LATERAL SYMMETRY? HOW CAN WE TEST IT ANOTHER 
WAY? (With the mirror test or folding test. ) 
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DcmonstriiLG the two tosutt^. An explanation of the tests Is 
iippropricite at this point,, but ofdin* the children should not 
be expGCtec) to vcrbali^o.the explanation* You can present the 
fiubstancG of the following paragraph, wHlch although not com- 
plotoly precise, should give the idea^of bilateral symmetry to 
mof^t oE the children, 

Hvory point in o bilaterally symmetric pattern has a partner on 
the other side, Tiich of the points in a pair is the sarrfe dis- 
tance from the line of symmetry. This is the reason that the 
points of the two sides fit together when the pattern is folded 
^ind also the reason that one side of the pattern looks just like 
the other side reflected by a mirror. 

Activity D 

Showithe class a bilaterally symmetric, three-dimensional ob- 
ject, such as a vase, a doll, or a plaque* 

DO YOU THINK THIS IS BILATERALLY SYMMETRIC? CAN 
WE TEST IT WITH A MIRPOR? (Yes,) 

Make the te:=t with the larger mirror, 

CAN WE TEST IT BY FOLDING? (No, solid objects can 
\ not be folded,) 

^ Provide a number of small solid objects for the children to view 
with the smnll mirrors. Possible objects could be plastic toy 
figures, blocks* combs* flowers, and parts of construction 
\ sets* They may also look at their fingers, hands, and feet. 

Activity E (Optional) 

\ Some unusually perceptive children may be in,terested in a dis- 
cussion of the plane of symmetry of nn object. Whereas a bi- 
laternlly symm'etrlc two-dimensional pattern is made up of 
pairs of points that are eauidlstnnt from a line, a bilaterally 
' symmetric three-dimensiorjal pattern is made up of pairs of 
points that are equidistanti from a plane, , The plane of sym^ 

motry divides the object into two similar p.irts, 

I 

\ 



79 



l.esj;on 13: KCCP TIU; SYMMntUY 

The Otimcs sugcjostod here J^rovlde further practice, with bilat- , 
orally symmotrlc patterns as well as, the fun of creating designs 
A review of rotationalJy symmetric patterns and repeating pat- 
terns Is ,inclucied* 

MATEIUALS \ ^ . ■ \ / " 



- property blocks 

- pegboards * j 

— small objects such as paper clips, sticks> and counters 

- colored chalk 

— graph paper . ' 

— mirrors 



PROCEDVRE 



The games (Activities) outlined below are similar to. those in 
Lessons 4 cind 6, and hence the children should need only a 
brief explanation of the rules before they^play. They should 
be encouraged to experiment with modifications of the games. 

The designs called for in the games may be made Mth 'property 
blocks or any small objects such as pap&r clips, sticks, or 
counters; they may be made with pegs on-^pegboar^^s; pr they 
may be drawn with chalk or crayon* "The duration of a' game 
may. be limited by specifying a .number dt moves or a tinfe in- 
terval for a. game* All the ^^es may be played n,ow,;or you 
may wish to use C and D ^^fjsr Lesson !4, t- 

Activity A. ' . ^ 

What'g Wrong ? One child or team designs an imperfect bllat-* 
erally symmetric p^atfern. The other child or team alters the 

pattern to make it bilaterally symmetric. _ - 

* * ■ ^ ' 

If children have difficulty in making the imperfect patterns/ , * 
suggest that they secretly make a symmetric pattern and then^ 
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chcinge onc;or two elements. An eXitmple of an imperfect pat^ 
tern cinc^.the corresponding symmetric pattern is fetched 
/belovk^. 





Activity B ' _ 

Change It . One child or team m^kes a bilaterally symmetric 
design . He then specifies a rule by which the other child is 
to change the design. The purpose and procedure for this game 
is more fully explained in Lesson 6', Activity B. The sketch 
belbw shows possible transforn^ition. Rule: ^ ^ Q 



□ oAo □ — ^ □ o. □ o □ 



Activity C 



Match the Mirror Image . Two children take turns in drawing 
parts of a bilaterally symmetric pattern on a grid. After each 
additibn the player checks the pattern with a mirror. If the 
pattern is correctly <lrawn, the mirror image of one side is. 
Identical with the other side. ' 




S2 
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AcLlvity n 



Keep tlio SyrmrHftry . <")no child f^tnrts with tm olornont of a do- 
sign, G.g. , 




lie s<\yst **This is pnrt of a bilnternlly symmetric dpsign, 
finish it ^md kocp the symmetry. " The second child com- 
pletes the design , g, g ^ ^ 



The first child may ro' lost ^\ ropG<Uing pattern or n rotntionally 
symmetric pottcrn instead of a bilatorally symmetric pattern. 
Then the completed patterns might be 



or 



A 

<D>. 

V 
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In thi;^ Umu^om the clulclron comi>l<^jtt! , cq^kDr, .intl draw bilator- 
<,illy ijyjniTiotric pottc^rnjj on qrlW:;* ! Thnj^ A uctivUlpj^ cnll for 
:.;or!iPwliat morn procisirMi tlinn tli(^!art activities suorjcstntl for 
! thii; i^pction, ^ 

MATClUAhS ' 

- Workiihoot.sM, IS, IGnncl 17; 

■ tMU)Ci:DUR[: 

' ■ ' \ 
/ Workshf^ots M and IS -uo sf^lf-oxplunatory* f^io child should 

dii^covfir tliat parts of tho pattern can be locate*!'! by counting 
squares* He niny make any bilatnrolly symnu^tric dcslqn ho 
ivislioi^ on Workshoot 10* Any kind of synmiotric design may 
t7iadc on Work.^hOGt 17* \ 





Finish tn« f>ictur«. UaKo it c>U«taV-«liv ?ynn«trlc. 



a 




iorV«h«*t lb 
Untt li 

Tinisb Uw picture. uak« it bllfttflrallv.HTrmfltru* 

I . . ■ , . . . . 



■+ --i I- 



WorkshoGts 16 -md 17 nre on graph paper. 
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Lni3i^on 15: WHAT KtNt) or SVMMilTRY? 



'rhfj children hcn^ Ldoiitify an<l tcjst ihrco typi^s of .^^^yTiinu^Lry 
conf>itlorotl in Sections I, 2 nnd 3, this provides for botli cvnl- 
uation and further loarninij* 

MATERIALS 

- an assortment of objects, pictures, and designs to' bo tosttjd 
for symmetries* Some of thosc^ should l)e similar to tho.so 
suggested for bossons 3 nnd 9* Hxamples of patterns either 
bilaterally synunotric or not quite bilntorally symmetric are 

a key, vase^ picture of a facfj, toy plastic figure, insect, 
loaf, flower, design fron^ a mngazine, ruh^r/and fruit* 

— examples of the chiltiren's art work from tliis unit 

4 

PROCEDURE 

Viovc a selection of objects, pictures, and designs on the 
shape table* Examples of the children's art work^trom this 
unit should be included* The children may wish to add to the 
collection later, . 

Allow the children to investigate and tell about the symmetries-, 
of objects they choose from the collection* They should be 
able to apply tests to determine symmetries about which they 
are in doubt* Some patterns have more than one kind of sym- 
metry, but a child should not be required to identify the pres- 
ence or absence of more than one* 

Review with the children, if necessary, the various tests for 
determining symmetries* 
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AKT /V rriViTli;S rOR suction 3: BIITVTCI^AL SYMMETRY 



A nurnlior ol tirt rictivitics nrc suggcstcci here to roinforco the 
<Mncn[)t n[ bLltit^Tal yymmotry, Usg any selection of them any 
tinir aftc^r J.c^s^jOii I 1 has boon coniplGtcd, 



I- 




Activity A: Abstract Dosigtu s 



L F{^^vo the chiJf.iron cut nut 2 or 3 shapes from thn 12'* odqo 
nf a shGOt of 9** >: 12'* colored construction pnpcn, M^'ikc! 
sure thG cuts <iru on the ^2** edge/ not the ocigo, 

2, put tho shapes aside an^l [jaste the sheef ciown on a 
12" X 18** sheet of cnntrnsting color. 



3. Takc^hc cut-out shapes and paste thorn down on the 
opposite side of the lino of symmetry in a flipped posi- 
tion. Good color combinations are blue paper on yellow, 
green on orange, or blnok on white. 



At:tivity Makinc) DoBign s by P unchlncj Holes 

I, Usincj pencils or pointod sticks i punch holes in a 

rihcct of construction paper to make a pattern exhibiting 

^ bilateral ftymniotry. If children have trpyblo makinO' - 
the holes, they.nKiy placc-thc paper over a pegboard 
. and punch through the paper over a hole^ 

I. Mount thp punched shoct on another sheet of construction 
paper of contrasting color. 



\ 
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Activity C: 3-Dljnension^il Dunlons 

' M-itoririls uncfl for this nctivlty iriclude ^ist^ortod objects such 
nri ycirn, soqiiins, stoncis, pobblor,, -uirl dimo siorc jowolry. 
You will jIso noorl whito .ill |)urposo glu(; and colorocl t.ig- 
bo<ird, 

1, Dr.jw i\ line down the center of the iLighc^urd, 

# 

2. M.iko a design on one h<ilf of tho tricjbonrd by gluing 
fissortod objects on it, 

^. Hepeot tho procedure on the other side, to create a bi- 
Kuerally symmetric pattern. 
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I . Di\iw rough cii'clo on u pLocc! of construction popor* 
DE^sign .1 turtle shull with bildtcrul symmetry, Color 
itii spoL:^ ^nid tiuo space between the spots* 




2. Cut out tho circle, then cut four slits as indicated by 
the dotted lines* Brimj the cdqcs of the slits together, 
as LiKUcatod l)y the arrows, Overlapping them a little* 
Tape, staple or paste the Overlaps in place. 




0 



3. ^Draw four lecjS/ a head, and a tail on piece of construction 
paper. Cut them out and glue them under the shell of 
the turtle. 



Activity H: Stand-up AnlmalB 



1, Fold a i5heot of pnpor in h^^lf* 

2. Draw an aninuil in such n way that^the top of the draw- 
ing coincides with the folded edge. Color the drawing, 

3. Cut through both layers of the drawing^ turn over and 
color the other half of the animal, 

4, Paste the two layers of the head together. When the 
paste is dry, the legs can be spread so that the animal 
will stand* The children can make a farm or a zoo with 
these animals* 
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Activity T: Three-dimonfiionni riguro 



1, Cut out hc^^irts (or othGr stmihir .sh^ipes) of various sizes^ 
Litid colors. 

2, Fold largo ho<irt down the middle for the body. Fold 
smaller henrts in simiUir fashion for other body pGirts 
(head, beak, etc.) 

3, Paste the tw6 halveS'^f the head together, catching a 
little of the body between the layers so that the bird will 
stand well. To make the v^ing s , feathers and tail, use 
smaller hearts pasted on in a bilaterally symmetric pat- 
tern. 
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Activity G:., Drayor Prlnt .s 



Mt^tari^Us ui^oci hero ttro u brnycr, a piece of ghiss, wator- 
\ya'Ac printer's \\\\: , nrvvs[)a|)<M- oiic! ru^vvsprint poi^rr for rnukiruj 
prints. 



1/ Find natural symmetric objccls, ' Leaves, grasses, and 
weeds usu^illy illustrate bilateral symmetry* Bark often 
shows repealing patterns, 

2, Squeeze a 3'inch ribbon of point on the glass and roll the 
brayer back ond forth over it until the brayer is smoothly 
coated with palnl <md sounds sticky. l,ay the object on 
a piece of newspaper, -md with the brnyer ink the surface. 
Do not oppjy so much ink that the spaces ore flllotl in. 




Lay th9 Inked object face down on clean newsprint or 
construction paper and press down with either a clean 
brayer, your fingers, or the bowl of a spoon. Children 
often find it easiest to use their fingers, ^ 



\f ariatio n 




Place object under a sheet of newsprint and roll firmly over 
it with inked brayer so the image comes through. 
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Activity il: Mobllos - j i 

Use constnjction paper, thread, nnd dowels or wire 'codt 
h.ingers for this tictivUy. 

1 , Fold construction paper in half tind draw half a bird or 
butterfly, usino the center fold as the line that divides 
tho'nnimnl. Cut through both layers, 

2. Suspend the im-imal by thread through i^s center and 
tie^ to a rod of doweling or a wire coat hanper. Mobiles 
may be made of several dowels and many Suspended 
paper figures, as shown* 
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Activity I; Rubbings 



You wilt ncGcl newsprint, crayoEis or soft comprossoc] chorcoal , 
find objects with r<'Usucl p^ittGrns, 

^ ) / Find objncts with raisod pnttorns exhibiting bilateral symmetry 
Loavos and woods aro oxcoilent for irubblrlgs. 

2, Place the newsprint over the object and rub the cRarcoai or 
crayon- firmly oytSr the paper, 

3» Mount the rubbings on a piece of construction paper for 
display, . ' . > ' 

The saiVie technique can be used for other types of symmetry. 
A brickjwali or tile floor give good exampies^of trahsiatlonal 
symmetry, A bracelet opened flat has a repeated pattern, a 
brooch imay. exhibit rotational symmetry. 




Y\cUvity J: Pupcr-bralci Clown 



1, Cut fj:rips of colored construction p^npcr !** x 

2. p.isto opposite colors i\t corners at'rlght angles. 

'3, Begin folding one colior ovov <inother to make nn accordion 

' picatcd bniid. \ 



.1 1 

■ \- ■ 



I 



1 



.--_J C 



I I- 

II 

iJ 



4, Make 6 br<iids. 



/ 



5, Glue one braid into loop for the head. Attach it to tfie 
body. / 

6, Attach arms and legs, ' ■ 

7, Make a small paper cone fdr a hat, ^ 




M'^rk olong iinos t inch Inlorvalr^. 
leitor.s oncl Y-^ixLs with numbers. 




3. Before stnrting the stitching, the,. children shoulr! poke a 
hole^through the togbourd with the yarn needle i\t e.ich 

' mnrked point, 

4. Begin stitching from the back of the togboard, Knot'y^^^^^* 
then pull needle anfl yarn through I. Insert in E and come 
up through F, Demonstrate the stitching to the children, 
and have them follow you step by step. 
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J, tlonthuu: sinviiuj ciiivt* by iUltchltu) from \\, over to 2, up 
(hi'nnjh inci oVf:?i li) <], up thioucjt; ft, iUirl over to 




, ^ I F i H 



Tlu)::n c:hilf!ron who did not have trouble with this may - 
warU to do (inathor ?;ecttan* Number along the lines, as 
^^hown^ Then Btitch next curve as follows: H to 5, 
{y to O, F to 7, H to f:. 




7, Sew each quarter until pattern is made. 




Children who grasp the 1-to -) correspondence in this activity, 
may want to try curve-stitching other shapes such as a-triangle 

or a hexagon * They may use different colored 

yarns in a symmetric color pattern. 
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SYMMt:r[(Y [N S()!>Nn ANIl Movi;M!:Nr 



In dclflition to^ ttir vlsihil ::yinriirtriri; tlu^y Wwi^ Ikmmi iilndyin-i , 
first qnKl(T:i will (Mijoy 'liscovrTlTnj :^ynnn(^trit^;; hi Uk: tllln<T^; 
tlu^y hfMr nround Ukmii un^i in t\\r thlnMii ttu^y do rv^Tv <liiy, 
'Hipy niinht notc^ thot tli(T wolf: synniir^trlfMlly* IMioro inny \}/\ 
vr\}i\\U^(l piitt<*rns ill i^oriu^ flasr* riKMl^JLionn , 1Muto nrc^ :;yni- 
nictrip:^ in tlioir addition clinrtii* Sonu^ storir,s, yA\r.U tn; "Tho 
f.ittlc Ue(\ Hon/' h'ivo ^:ynirnotric structu" <ncl inpoatr?*! worci 
ptUtorn.s, SymniDtrios of ni-iny ?;ort;; ot: fnunf! in riu^st 
pO(.Hry rmcl in music/ 

rhi:i sc^ctionTia.s :uil)cliviinons ?"iccorciinq to subject nuutpr 
rathor tlinn I// lesson, in ordnr to Uo\p you look for symtnntrio:: 
'whr^novf^r tho oi^f^ortimity artsp:^. 
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M iny MOTiins lUirl pliyitirnt 'nlurntion (K-tivitif^s inv/olvr Mym- ' 

mrtric* itiovtM^KMitJi fivul pnttfrnii. A:; you tiulth^ t)ic (^hildron in 

^nMryy^imi tluMn, yon iinnlit (irul hllotcTiil syinrTictry , rottitlon&'l ' 

':iyininrtry ancl^i^np<Mt< 'cI f>att(*rri;;, Ctitisth(Mik:s ciro (sspcniolty 

;iyriUTH^trir , T1ir;U^ nctivitir:; -irn ofton cion'^^ to music (c/q* 

"(^liickon t\it"). This siTVoii to rcMnforco rliythniic porcnption, 
t i. 

A child who hn:> iitiuijpil Uip-^l^mciiKj n^iy wcint to (loinonstratc 
for thc^ closs * 

Rliytlun ,Ronfi 

Porcussion instrvjuic^nts srrvc to tie f^ymmotric: movomant to 
syiTirnctric sound, Tlir siniptrst activity is marching arourxi the 
room while playinfi the rhythm instruments. Some children who 
can st'Jp minht do r,o whilo othor children try to accompany the 
skipping rhythm with thoir iustrunicmts » 

ft is much more difficult to count a rest thdn to count aj^ccit, 
hut first qradors should ho able to'acccnt every third or fourth 
br'^it with a triannlc or n cymbal. This activity will hclp^.thcm 
distinnuish between stressed and unstressed syllables in 
poetry* 

Olappinrj 

The simplest rhythmic pattern the children c^an clap is a regular 
\-2-3~A'^ When they have''had sufficient practice clappin*g in 
,unison, ^have them cla^y patterns of increasing^ifficulty , such 
as those below. The last 2 rhythms call for stress as indicated 
i>y the > sign below the note^, 

O 
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After the cldss has hvid enough practice in clapping these 
rhythms, hdve some volunteers try to represent the rhythm on 
the bocird. This ties together the Idea of a rhythmic pattern 
and a visually repeated pattern* Any notation system a child 
devises Ts~satisfaclbry if It visually records thfe repeated pat- 
tern. One method might be to use a long stroke (/ ) for an 
accented beat and a dash (— ) for an unaccented beat* The 
length of the dash could indicate the dui^atlon of the beat* 
Thus the last two rhythms given above might be recorded as ■ 
follows: 

/-/-/-/-/--/- . 
/-—/-—/-— 
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^lov^' thf^ rlilltlrtin cl/ip th*) rliyllnii of i\ [joom r^uch i\% "Pf)'ir»c 
Pontdqo U^t*" St^Tiic pairK of chlldr<Mi rthiy bo able to clnp 

Pcono [>orridgn hot, 
Poaso porrldgo cotd, 
Pe<ise porridge In the F^oti 
Nino clciys old* 

Some like It hot. 
Some like It cold * 
Some like it^in the pot, 
Nine dtiys old. 

Other symmetries the children mny find in this poem are the 
rhyming of everyipther line, the repe^ltihg pattern of words in 
the first three linos of ench verse, ^a,nd the repeated Inst line 
of each verse. : . 

Another exosmple oi poetry rich in symmetry is "Over in the 
ivtendow*" There is o pc^rallel structure in all the verses; 
the number of Mother's little ones increase by Qne in each 
verse; within the verses, the third lines have ^in inner re- 
peated pattern, and the first and fourth lines„have an exact 
repetition of the l^st parts o^^ the lines; the rhymes follow 
an a-b'-a-b pc^ttern; and^so on. 
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OVrT in W\V MfMtloW 

Ovc^r in tlir iiKMtlbw in tlu^ stincl in the' siiri 

l.ivtHJ ^in oltl inath^T turtio anfl tu^r Uttlr turtU^ onr, 

Sou'tlioy ctnti (iiiy in thr sond in ttu* ruin, 

Ovrr in thc^ inotiriow whnrr thn r.trcMni run*^ bliio 
Kivc^fi tin old niothfT iinci licr Uttlo fisIroH two, 
Swi rn tlu* rnotli^T, Wc^ swim iwild tho two. 

So tliT;y slvnm rlll (itiy whcrc^ the strcnrA run*5 blue. 

OvtT in tho riMMdow in a holo in a tree , 
l.ivoft an old mother owl ond hor littlo owKs three. 
Tu-who o liaicl thr niothor. Tu-whoo said. the three. 
So they tii-whoood all day in a hole in a tree. 

Author Unknown 

You wilt find some ^ymmctrios in most poem's yo,u examine, ljut 

not a!) poems display symmetry, as the followinq lines of hriiku 

inrlicatc: * 

* ■ ■ ' 

My Window is broken, 

But I ,see the moon thjpugh it. 

And* the stars ^ too ! 



MUSIC 
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All music is rich in symmetries of many sorts. Any songs the 
childr(;?n know can be analyzed for repeated rhythmic patterns 
by clapping or using rhythm bartd instruments. T*he melodies 
can be examined to discover repeatpd phrases. The book of 
simple" piano pieces , Copy Cats by John LaMontaine, is' ex- 
cellent for demonstrating musical symmetries. 

If your children^ are able to sing rounds, they can illustrate a 
very obvious example of a basic type of HTjuSical symmetry 
overlapping repeated patterns. (This i^ developed to great 
complexity in the fugue.) We have printed "Row, Row, Row " 
your Boat" In such a way as to emphasize the p'atteFned entry 
of cinother. group of voices ^very four measures. Even though 
most first graders cannot rj^ad music, it should be, easy for 
^.them to spot the visual symmetries, especially the groups of 
three, eighth-notes for the word "merrily. " 
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IB j^ H P OTlllIU .INTi;K[:STtNc; PATTiH^NS 

Cho iiclontiiu proCfMHts with the ^liisuniption that nature is ba- 
sically orri^Tly cUkI r.yninu^tric , Win tn^ikMs to find tho orcior and 
^ynuuciry. '[he -irti:-t, on thoothor hanci, creates his own pat- 
terns c^f symmetry. 

In this Koction', more complicriteci pattems*are e^camined by the 
Chiklrcri* Some of these- may possess one or more of the sym- 
metrlos already f/inuli^ir to the child, but most do not* The ^ 
^:ectibn is intond(?d to serve as .an open door into the realm of 
' unusu<»i symmetry for the child and, as such, should not be * 
CoRs^trucd a.s specifying woll-defined objectives. 

The shape of a crystal exhibits symmetry, but often its sym- 
^metry is hot obvious. One may infer order within the crystal 
from the-appearance of the exterior faces, but this is a rather 
sophisticated activity/ more suitable for older children. A 
honeycomb and a biick wall display translational symmetry 
of a type discussed in the unit commentary. The pattern of 
bricks in a patio floor provides another example. ^ A pyramid 
of oranges or grapefruit, as seen in a molrket, h^s repeating 
^patterns in various dimensions. Observ^^tlon of such- patterns 
stimulates children's 'thinking, but the teacher should at a 14 ^ 
times refrain from Jrying to drive home points by mere.telling. 

Creative art is rich in patterns of shape, texture and color. 
Even *n the absence of clear-cut. symme.try, t\)e child niay 
still sense harmonies of many kinds ajitl not be all ^ble to 
describe his impressions or enjoyment of them. ^ 

This section is not divided into'lessons. - Use the parts in 
any order and with the emphasis that you wish- 




Hebrew Cone 



n^iv.G the class observe domo objocts that havocs ymmotrles of 
typos othor thon those considerod in S^ections I, lE^ and 3. * 
This group;T»ay intlvido sea shells, leaveg,» nests, and ab- 
stract designs, Allb*v the'children to find. basic syftimetrle's , 
but at the same time encourage them to search for other types 
of balance, proportion, or any other quality they m.ay consider 
to bo associated' with symmetry. .Discuss the findings without 
requiring precise description, , ^ - ^ ' 




Venus Comb Murex Cerafn Vase 
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• Infge crystals of ^iny kind Hre mailable, by all rp^ans have 
'^the chjldren observe thesp carefully. An alternative Is to work 
' with small crystals Such as salt, sugar, or epsom salt/using 
a hand magnifier. Rock-salt crystals' can probably be ob- 
served without magnification. You*can show the p|)Otographs 
on the following pages and later place these on the bulletin 
board; They are magnified views of table salt, quartz crys- 
t^^is cina n snowflake* " * 

Elicit'from the children their views of the p^sible symmetry 
of the crystal specimens, and of thosB shovn^n the photos, 
Aslj,$he children if'they know of other qrystajs to be^found at 
hom^ or Elsewhere* . ' - * - 

Most children'wi^l ngt realize that snowflakes ,are groups of . 
ti^iy iee crystals* ^An individual STiowflaJc^'is flat, he^^agonal 
in form and dilsplay^ rotational syrnmetry ^ j..A ^^llery of snow- 
flake photos would show a wide va^ety oi forms, all with a 
basic hexaganal structure* 

. Children will enloy creating their own snowflake designs by 
cutting a. sheet of paper folded in a special way* They will . 
be able to4earn to do this following instructions, provided 
. yau^t^ave the time to repeat the instructions a^nbmberof 
times* Or yo,u may wish to prepaVe fdldeci sheet for feach 
child, re^dy for scissors work* * - ' ^ 





Magalfied Table 'Salt 



; * 



Magnified Quartz ^ 
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M; ikl n g t\ pnpor' Snowflc-ike 



Told .1 f;hGet of 8s'' x 1 1" onionskin 
or bond i^u^Gr in half. 



Ry bending as if to fold the sheet in 
hnlf again, find center of folded edge 
and mark with a small crease. 



With the paper still folded in. half, 
fold down the upper section, start- 
ing at center crease on folded edge, 
to form a 60^ angle. 



Next fold the bottom portion up in the 
same way. You will find it very easy 
to find the 6 0^ angle by folding the 
upper and lower portions loosely and 
shifting them against each other to- 
' bring the edges ,in lin^ before you 
crease them. 



Now fold under along the dotted line- 



Fob 



^ Cut through the folded paper as shown 




lie 



Tho pattern on tho saowfl<ike is 
nuKlo by cutting notches of cUf- 
foront shapes anci sizes nloncj 
thfj foidecl edgos^. 

It is ^ilwoys a surprise for the 
children to unfold the snowfhikes 
and see what patterns thoy have 
made. 





After the completion of the snowflake activity, ask the chil 
dren about the symmetry of their snowflakes (bilateral and 
rotational symmetry). Continue with fresh pieces of. paper 
that each child may make one or more additional pattero^s. 
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rignoycomb and Brick Walls 

This portion of the section mt>y be taught using, for illustra- 
tion, either a honeycomb pattern or the pattern shown by an 
orclinnry brick walK If you discuss the pattern exhibited by 
a brick wall, work with sriiall blocks or toy bricks. The fol- 
lowing procedure^ refers to the honeycprnb. 

Try to obtain an actual honeycomb to show the children. If 
th !: is not possible, a good picture will be most useful. ^ The 
children may or may not recognize that the pattern shows a 
kind of symmetry. They should recognize that the' top surface 
of the comb is the same as the middle or bottom surface of the 
comb^ 

. Prepare in advance 8 or 10 regular hexagons of construction 
paper (using the snowflake technioue) or prepare 8 or 10 reg-- 
ular hexagons made of poster board by cutting along previously 
marked lines. Have the, children gather around a table both to 
' watch and to participate in the construction and manipulation 
of the honeycomb" pattern. Ask one or more volunteers to con- 
struct a honeycomb pattern from the hexagons by fitting the 
sides together, ^ 



0 




Ask ,the children abo^^t the symmetry of the pattern, Tell-them 
tha^t they are free to mc3ve one of the figures any way they 
choose. They may need to^be reminded of the test for repeat- 
ing^ patterns. Some children will see that one of the hexagons 
may be mdved in o ^ dir'^^tion along a line in equal-sized 
steps to make it coincide with other hexagons. If that same 
hexagon were moved^in another direction, it would cover other 
hexagons. Any ceil in the entire pattern can be reached by 
combining ^movas in these two direcJtions, Allow ample time 
for as 'many children as 'possible to manipulate the hexagons 
and to make the new symmetry test for themselves,,. They may 
enjoy thinking about how a bee makes such a regular pattern. 
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other Ornnmental Pcitterns 



The honeycomb and brick wall patterns are examples of orna-, 
mental patterns where a surface is covered by shapes arranged 
in a regular way. Other easily observed ornamental patterns 
are those in tile floors, wallpaper, artid fabrics* Work'^heets 
18, 19 and 20 qre brnanflental patterns for the children to color. 

Pairiti ngs ' : , 

Prints of paintings that show varying degrees of symmetry can 
be displayed!^ Examples from Klee, Miro', Degas^ Mondrian, . 
and others may be used. Begip by showing the children a 
painting with easily observable, symmetry and <]sk, "What 
does this painting tell you? Why do you like it? " This may 
' lead to a fine discussion of the symmetry -of the painting. The 
children should discover ^the symmetry for themselves,' wheth- 
er it be symmetry 6i line, shape, or color* The children may 
suggest their *own titles for each painting. You may continue, 

using examples with less obvious symmetry* 

* ' .■ - * 

Give the children thi&.freedom to paint or draw their own de- 
signs^ using what they kn6w of the various forms of symmetry. 
V ^ 'Any' noteworthy results\should be enjoyed, shared and dis^ 
cussed by the entire group. 

Sources .of art prints include old magazines, calendars., cata- 
logues of varibus galleries, and unframed prints from galleries. 

Art Treasure Hunt ^ ' ^' 

Encourage children to- bring in pictures clipped from old mag- 
azines, Christmas <jnd other greeting cards, etc*, that they 
find especially pleasing* Ask them to teU why they like the 
\ pictures. ^ ^ 

Display examples of the best art whenever you can. Change 
the pictures often and select pictures that express the craft, 
lore and beauty of the work from many nations and of /all 
people. Prints of masterpieces are now available in every 
price range, so that it is just as easy tb have the finest 
works oh display as inferior ones. ' 
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